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NASA TT F-10,142 

INnUENCE OF LOW TEMPERATURES ON THE DEVELOFTGNT OF MICROORGANISMS 

111. I " C E  OF LOW TEMPERATURE ON THE DEVELOPMENT 

OF BACTERIA AND YEASTS 

F. M. Chistyakov and G. I,. Noskova \ 

The Pseudomonas, Flavobacterium and Achromobacter f 537* 

group of bac te r i a  and some micrococci are  capable of de- 

veloping a t  low temperature: Bact.putidum and Achromo- 

bac ter  sp. develop a t  -20; Bact. fluorescens, Flavobacteri- 

um flavescens, Flavobacterium ochraceum, Flavobacterium sp., 

and Micrococcus sp. increase a t  -5', and Flavobacterium 

s-dfureum, and Ract,. l a c t i s  viscosum can multiply even a t  

-8'. 

paratyphees group and B. botulinus, do not develop a t  a 

The other  groups of bacter ia ,  including those of the  
o i d  

temperature above -1-2'. Thus the  minimum temperature required 

f o r  b a c t e r i a l  development i s  determined by the group t o  which 

the  pa r t i cu la r  bac te r ia  belong. The lowest temperature a t  

which yeast  can develop i s  about -8'. The microorganisms 

not r e s i s t a n t  t o  cold, gradually d i e  o f f  a t  low temperature, 

i n  some cases r a the r  slowly. The spore-forming types of bac- 

t e r i a  are  more r e s i s t a n t  t o  cold. The addition of s a l t  t o  

t he  n u t r i t i v e  media lowers the  bac te r i a ' s  res i s tance  t o  cold. ,,-j-f-(Q& ,A 
"Numbers given i n  margin ind ica te  pagination i n  o r ig ina l  foreign t e x t .  
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Claims t h a t  ce r t a in  species of bacter ia  and types of yeas t  can de- /= 
velop a t  temperatures considerably below zero have r ecen t ly  been appearing i n  

l i t e r a t u r e  with increasing frequency. 
, 
I 
, 

Such an opinion w a s  expressed by Stewart (1934), f o r  example, i n  h i s  study 

of the preservation of f i s h .  

velopment of bac te r ia  i s  not excluded, and t h a t  -12O i s  the  lowest possible  

temperature fo r  such development. 

He says t h a t  a t  -60 the  p o s s i b i l i t y  of the de- 

~ 

I i n  a number of s tudies .  He bel ieves  t h a t  the  "deadline" l i es  somewhere between 

Berry (1937) a r r i v e s  a t  s imi l a r  conclusions 

- 6 . 6 O  and -9.4'. 

the  development of microorganisms a t  -4' and -6.7'. 

microorganisms i so la ted  by Bedford from sea water (as  quoted from Stewart) were 

In  a study he made j o i n t l y  with Magoon (1934), he observed 

Ten of the  7lL cul tures  of 

I found capable of growing a t  -7.5', and 1 2  cul tures  could develop a t  a minimum 
I 

temperature of -5'. 

served. General references t o  the  capacity of marine bac ter ia  t o  grow a t  low 

temperatures zre fnimrl i n  a number of s tud ies  by H e s s  (1934). 

"he growth of the microorganisms a t  -10' could not be ob- 

I 

I Smart (1935) repor t s  t h a t  some of t he  microorganism cul tures  she i so l a t ed  

from frozen products continued t o  grow a t  -8.89'. 

tu res :  three of them belonged t o  the Saccharomyces yeast group, four  were Bac. 

aterrimus L and N, B. f luorescens Ford., B. mycoides Fl., and B. ruminatus Got, 

and one w a s  a mold. 

There were e i g h t  such cul- 
l 

, 
Haines (1937) believes t h a t  -10' i s  the  lowest possible temperature a t  

which microorganisms can graw. 

groups i n  r e l a t i o n  t o  temperature. The f i rs t  group cons is t s  of staphylococci 

and many pathogenic bac ter ia .  The optimum temperature f o r  t h e i r  development 

i s  37'. 

below410°. 

He divides a l l  the  microorganisms i n t o  three  

l 

The minimum temperature i s  +loo. They do not develop a t  temperatures 

The next group includes bac ter ia  of the Coli and Proteus type, 



whose growth s tops a t  about +5O,  and, f i na l ly ,  the t h i r d  and most i n t e r e s t i n g  

group consis ts  of Achromobacter and Pseudomows type of bac te r i a  and yeas ts .  
l 

a 

This group of microorganisms is  capable of developing a t  temperatures between 

-3 and - 5 O .  

Our inves t iga t ion  i n t o  the microflora of frozen be r r i e s  (Chistyakov and 

Noskova (1937))shawed t h a t  be r r i e s  kept i n  a chamber a t  about - 5 O  revealed an 

increase i n  the number of microorganisms which ceased t o  grow and died of f  a t  

-8O. 

The purpose of t h i s  study was t o  e s t a b l i s h  the temperature range favor- 

able  t o  the  development of some of the types of bac te r ia  and yeas t  found i n  

food products. 

Methods 

The experiment w a s  a follow-up of our previous study of the  preservation 

of frozen ber r ies ,  and involved the  use of pure cu l tures  i n  laboratory media. 

We had established a t  t h a t  t i m e  t h a t  t h e  storaging of be r r i e s  a t  -5-6" increases  

the  number of microorganisms. The question we sought an answer to was vli& 

group of organisms accounted Tor tha t  increase, arid at what teiiiperaturc dces a 

p a r t i c u l a r  group of microorganisms cease t o  grow. 

l i m i t i n g  temperatures i n  na tura l  media f a i l e d  t o  produce any d e f i n i t e  r e s u l t s  

because of ce r t a in  imponderables. 

Our e f f o r t s  t o  a sce r t a in  the  

Forty-three d i f f e ren t  bac t e r i a l  and yeas t  cu l tures  were examined i n  the  

experiment. These included: 7 s t r a i n s  of the  coli-paratyphoid group--Bact. 

c o l i  commune Esch., Bact. paratyphi A, Bact. paratyphi B, Bact. c o l i  var.  

albidoliquefaciens Lehm. and Levy; two Aerobacter aerogenes Beijerink s t r a ins ;  

urie Hr-uieus vuigjar is  H z ~ a t r  a t ra l r , ;  txs  cpec ies  ?f 1 z c f z f ~  h n c t . p r i  a--Ract. 



prodigiosum L and N. and Bact. cartovorum Lehm.; one species  of each Sarcina 
l 

and micrococci; th ree  species of the Subtilis-Mesentericus group; two B. mega- 

therium s t r a ins ;  two species of the Pseudomonas family (Bact. f luorescens L. 

and N. and Bact. putidum L. and N . ) ;  seven species  of the Flavobacterium family; 

two Achromobacter species; th ree  spore-forming anaerobes--B. botulinus B., B. 1 .  ~ 

sporogenes and B. amylobacter, and, f i na l ly ,  t en  d i f f e ren t  yeast cu l tures .  A 

la rge  number of the above-listed bacter ia  and yeast  were i so la ted  d i r e c t l y  from 

the  food products. The paratyphoid bac ter ia  and all the three  anaerobic species  

were taken from a laboratory collection. 

I n s t i t u t e ' s  Cold Chambers a t  t he  Following Temperatures: 

-12', -8',,-2O, fOo and t-2' 
-5, 

Ordinary peptone agar i n  test  t u b e s  was used as a so l id  medium. Following 

Prof. Horowitz-Vlasova's experiment i n  her study t i t l e d  "The Problem of Psychro- 

p h i l i c  Microbes" (1933), we used agar with 3 and 6 percent NaCl i n  addi t ion  t o  

the  usua l  media; it turned out, however, t h a t  these media were not i n  any way 

superior  t o  the  normal ones. 

cent  sugar as a medium. 

a varying sugar content. 

l i q u i d  agar (0.5 percent agar instead of the  usual 1.5 percent) .  

A t  -8" we  a l s o  used peptone ge ia t l r i  >5 th  25 per- 
6 s l a d  

I n  the case of yeast  we used az-&&qw ,wert ngar,with 

The aGrobic  cul tures  were made i n  a so-called semi- 

The inoculation on so l id  media was made by the use of a platinum loop t o  

cover them with a suspension of microorganisms which had been washed o f f  the  

agar cu l ture .  Liquid media were inoculated with one- o r  two-day bouillon 

cu l tu re s  . 
The behavior of the microorganisms i n  l i qu id  media w a s  observed by way of 

pe r iod ic  inspections, ciurirg wLicli tE;2 t l zs  ~f +he i nc ip i en t  growth and degree 

4 



of development was noted. 

counting the colonies on dishes. 

The development i n  l i qu id  media w a s  determined by 

The duration of the observation of various cu l tures  an so l id  media ranged 

from 9 t o  14 months, and i n  l i q u i d  m e d i a  from 1 t o  3 months. 

The Experiment 

Twelve of t he  30 examined s t r a i n s  of aerobic bac te r i a  were found t o  be 

capable of growth a t  temperatures below zero. These bac ter ia  a re  l i s t e d  i n  

t ab le  1. 

TABLE 1. DERELOPMENT OF BACTERIA AT LOW -S 

ON SOLID MEDIA. 

&et. puUdwn 

Bact. f lrroresccns 
iclicroco 
Ffm-oba hracem, 

FIcmobacferiarn pclwaceum, 
strain 1 

strain 2 

strain 1 

strain 2 

B a d .  lilctis viscosum Lehm 
ard h’etim. 

5 

I Test Icmpcraturcs and cliirntion of dcvclopmcnt until 
-rowLhs (in days) p , c .  n . ,  ,no,.L 

j 

l l  t 15-20 

206 1 15-20 

2G6. I 15-20 

206 15-20 
I 

- - 2. 
I_ - 
18 

18 

12 
7-10 
7-10 

7-10 

7-10 
7-10 

7-10 

7-10 

7-10 

- * 0- 

12 

_- - 

12 

9 
5-8 
5-8 

S-8 

5-8 
5-8 

5-8 

5-8 

5-8 

7-101 5-3 
I 



As indicated i n  tab le  1, a l l  of the l i s t e d  12 s t r a i n s  a re  capable of /567 

developing f a i r l y  rapidly not only a t  ,Oo but a l so  a t  -20; t en  of them begin t o  

grow a t  -5', and three  a t  -8O. 

The capacity of these bac ter ia  t o  develop a t  low temperatures has frequently 

been noted i n  l i t e r a t u r e .  

t h e i r  experiments Bact. fluorescens l iquefaciens developed a t  a temperature of 

-4'. 

(1937) . 
noted by Stewart (l94), Smart and Brunstetter (1934, 1937), e t c .  

B e r r y  and Magoon (1934), f o r  example, report  t h a t  i n  

The same bac ter ia  were found t o  grow a t  -8. sq ' i n  Smart's experiments 

The psychrophilic charac te r i s t ics  of the Flavobacterium group were 

Tests  were made i n  l iqu id  cultures and a quant i ta t ive  account kept of the 

developing bac ter ia  with a view to  a f i l l e r  descr ipt ion of the r a t e  of t h e i r  

390000 1800000 
39 000 473 000 1 570 000 
24000 67000 143OCoO 
14000 28700\ 900000 

' 1 1 4 0 0  24000 64400 

development a t  freezing temperatures. 

The data  on those t e s t s  a re  cited 

9SOOO3 
80000 91700 

% 
i n  tab les  2, 3 and 5 and i n  f igure  1. 

' A  

The following four  species of bacteria were found t o  be l e s s  viable a t  l o w  

temperatures: Bact. prodigiosum, Bact. carotovorum, Bact. c o l i  var .  and Sar- 

cina sp.; the minimum temperature required f o r  t h e i r  development i s  apparently 

TABI;E 2. RATE OF DEVELOPMENT OF BACT. FLUOIIESCmS IN PEPTONIZED 

MEAT BOUILLON AT LOW TENF'ERATIBES. 

Tcmpcrature 
of cxpcrimeat 

Number of bacteria in 1 Ema (in thousands) 
- 1  

i - 

275 Ooo 

6 



TABLE 3. RATE OF BACT. PUTIDUM DEVELOPMENT I N  PEP'T'ONIZH) 

EEAT BOUILLON M LOW -S . 

i 
-Lo * > - =  ' I 4CGOTIO 

- 5' , 1690 ; 7650 

f -  .10 G3500 1 272000 = 00 25500 \ 125000 - 20 23.500 i22000 

! 
I 

pcralurc , 
scrimeat 

I 

290000 
92000 

TABU 4. RATE OF BACT. LACTIS 

VISCOSUM DENELOFNEXT IN PEPTONIZED 

MEAT BOUIILON AT LOW TEMpERATTmES. 

- I 

Duration si dcvclopmcnt (in days) 
- I 1 ,,, 4 1- s 1 2- 

ture 

h'nmbcr-of bacteria in 1 cm3 (in 
thousands) 

TABLE 3. RA!I'E O F  ACHROMOBACTER SP. 

DEVELOPMETIT I N  PEPTONIZED MEAT 

BOUILLON AT LOW TERPERATURES. 

- 5 O  520 

about Oo. Thus i n  the case of Sarcina sp. the f i r s t  signs of growth i n  a 

so l id  medium a t  + p  i n  the form of scat tered very t i n y  colonies were observed 

on the 15th day, a t  00 on the 22nd day and a t  -2' only on the 87th day. The 

/56q development did not proceed beyond those small colonies. 

I n  the case of Bact. c o l i  var. albidoliquefaciens,  s igns of growth a t  +2O 

were detected on the 17th day, and a t  0' on the i76-iil hi-, >:t 25 -11 p o -  

nounced growth could be observed i n  the  following 14 months. 

7 



Time i n  2k-hour days 

Figure 1 

A t  a temperature of + p  the  Bact. prodigiosum began t o  grow 73 days a f t e r  

inoculation, and Bact. carotovorum, under s imi la r  conditions, only a f t e r  149 

days. 

14 months. 

These bacter ia  were not observed t o  grow a t  Oo or  -2' over a period of 

Experiments with the l iqu id  cultures of these bac te r i a  a l so  revealed t h a t  

they a re  l i m i t e d  t o  the +2 t o  -2O temperature range. 

t u re s  the bac ter ia  f a i l e d  t o  develop and died off gradually, as  may be judged 

from the t ab le s  6, 7 and 8 and f igure 2 ci ted below. 

A t  these tempera- /572 

Fina l ly ,  the l a s t  group of bacter ia  consisting of the  following species 

and s t r a i n s  f a i l e d  t o  grow a t  the temperatures used: 

paratyphi A., Bact. paratyphi B., two straiiis ef %ct. r"_F'p?t.herium and B. 

Bact. c o l i  commune, Bact. 

8 



TABLE 6. TESTING BACT. COLI  VAR. ALBIDOLIQUEFACIENS IN 

PEPTONIZED MEAT BOUIILON AT LOW TEMPERATURES. 

TABLE 7. TESTING BACT. COLI VAR. ALBIDOLIQUEFACIENS I N  

PEPTONIZED MEAT BOUILLON WITH 6 p.  c. NaCl AT LOW 
TEMPERATURES. 

Ellenbachensis and the anaerobic bacter ia  B. botulinus B., B. sporogenes and 

B. amylobacter; consequently the temperature favorable t o  the development of 

these  bac te r i a  i s  somewhere above +2O. 

This has been supported a l s o  by the  experiments made with three  of these 

cu l tures  i n  a l i qu id  medium ( tab les  9-12, and f igu re  3). 

All but one of t h e  t e s t ed  1 0  types of yeas t  were found t o  be capable of 

6* ---~.r+h " .. -__ 3.t -5': and one of them developed a t  a temperature of -8' ( tab le  13) .  

9 
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TABU 8. TESTING BACT. PRODIGIOSUM I N  PEPTONIZED MEAT 

BOUIJLON AT LOW TEMpERATE33S. 

Duration of testing (ln de-&) 

TABU3 9. TESTING BAC. ELLEKBACHENSIS I N  PEPTONIZED 

MEAT BOUILLON AT LOW TEMPEBATURES. 

Two of the 13 species of yeast  l i s t e d  i n  table  13, Apiculatus and Pichia 

sp. ,  grew considerablyA510iu~y than the others a t  temperatures of -2’ and - 5 O ,  

and did not achieve the f u l l  growth, achievable a t  room temperature, over a 

period of 14 months. 

bore 

A l l  these 1 0  s p c i e s  of yeast  were isolaieir fi-~iii f r z o ~ n  “1” chi l led  products. 

Apiculatus, Torula rubefaciens, pink yeast ,  Pichia sp. and yeast  No. 6 1574 

11 



TPBLE 10. TESTING LACTOBACILLUS SP. IN PEPTONIZED EIEAT 

BOUILGON WITH AN ADDITION OF 3 PER= SALT AT LOW 
TEMPERATURES. 

1 I .  Duration of testing (in days) 

Hutnber OF bacter& IE : c d  (in thousands) 

2 7-10 . 3130 I . 1300 

I -- -- 
12100 . 

I 
13000 29 500 +203 

-i- 2’ = oo . 3250 750 - 2’ 3150 - 50 3Ooo 

TABLE 11. TESTING AEROBACTER AEROGEIES IN PEPTONIZED MEAT BOUIL- 
LON AT LOW TEMPmATURES. 

and 7 (uncertain) were i so la ted  from frozen ber r ies ,  Torula (pink) from bouil- 

l o n  kept  a t  - 5 O ,  Torula sp. from mutton, and another s t r a i n  of Torula sp. from 

beluga f i s h  kept i n  a re f r igera tor .  Yeast No. 10 was i so la ted  from a ch i l led  

soy sauce. 

I n  addition t o  the species indicated i r i  ia’ile 2.3, ::e t e s t e d  7 t F s  of 

yeas t  t h a t  had been kept f o r  a number of years i n  a laboratory col lect ion.  

12 



TABLE 12. TESTING mROBACTE3 AEROGENES IN PEPTONI!LE3 mAT BOUIL- 
LON WITH TEE ADDITION OF 3 PERCENT NaCl AT LOW TEMPERATURES. 

Xot more iiian 10, 

TAEZE 13. DEVELOPMENT OF YEASTS AT LOW T E M P E R A ~ S  

ON SOLID MFDIA. 

.. *. . j i 206 

No growth after 9 months 

. . . .  
KO growth a ikr  14 monihs 

I L'nccrtain, No 7 

''ink yeast , 

Torula sp.. . . . . . .  

I I Ditto ' 

Tooritla sp.. 1. 

Torufa (poaonuc) . . .  

No growth after 9 months 

. . .  . I 
- i  

' 

Ditto I 
b 

th after 14 months 

Ditto 
I 

Pichia sp. . . . . . . .  I 
iliiio 

-5- 

15 

15 

15 

3s 

38 . .  

-45 

r 297 

1974 

197- 

S 

'S 

S 

21 

& 

G 

6 

- -  
A3 

3-f i 30 

SO I 50 
I 

197J: 1 I '  165 
I 

60 

- 
-I-2' 

i 

u 

4 

4 

7 

7 

21 

25 

163 

23 
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I The t e s t s  were made over a period of nine months a t  -20 temperature. Here a re  

the resu l t s :  

1. Sacch. exiguus--no growth. 

2. Logos yeast--no growth. 

3. Shteinberg yeast--no growth. 

4. Sacch. intermedius--very poor growth. 

5. Sacch. Kefir.--very poor growth. f 575 

and Magoon (1934), Smart (1935) , e t c .  

As pointed out e a r l i e r ,  only one of the 1 0  species of yeas t  we had tes ted  

a t  temperatures below -5O was capable of growing. But i n  one of our experiments 

with mold fungi (Chistyakov and Bocharov') there  was a case i n  which the yeast  

i so la ted  from frozen pears i n  a 50 percent sugar syrup was capable of growing 

a l so  a t  a -80 temperature. And the ra te  of i t s  development, depending on the 

temperature, was determined by the following periods of time: 

of growth were noted 6 days l a t e r ,  a t  0' a f t e r  e ight  days, a t  -20 a l s o  a f t e r  

e igh t  days, a t  -? a f t e r  10 days, and a t  -8O a f t e r  90 days. 

a t  +P symptoms 

I n  a l l  cases when the bacter ia  were found t o  be incapable of growing i n  

cold weather, they gradually died off a t  all temperatures, from + p  down. 

The bac ter ia  we t e s t ed  may be roughly divided i n t o  two groups, according 

t o  t h e i r  death ra te :  some of them survive the cold and remain viable f o r  over 

14  months, and others  d i e  off  completely within the first six months. 

The f i r s t  group includes a l l  the spore-forming aerobic and anaerobic bac- 

t e r i a ,  and some sporeless species, such as Bact. prodigiosum, Bact. c o l i  

var. , Sarcina sp. , e tc .  ( tab le  14). 
The e f f e c t  of low temperatures on the development of mold fungi,  Microbiology, 

V I I ,  4 th  ed i t ion ,  1938. 
14  
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TABLE 14. DEVELOPMENT OF BACTERIA AT ROOM TEMPEBATURE 

AF'l33R TEE EFFECT OF LOW TEMPE3ATIIRE. 

BUC. Elienbacficttsis 
Stutzer 

Bac. megWhcrium de 
Bay.. 

Bac. mcgathcrium de 
Bary 

.!hiCt. C ~ Q f O U W U r n  
Lehm. 

+ 

Bncf. coll V W .  d&i- 
dofiqrrt facicns 
L e l i a  Lcvy 

Surcina sp. 

Eacf. p r o d i g i w m  
Lehm H honm. 

Eucf. pafiltyphi B. 

Aerobacfrr aeroge- 
lies Bcijerink 

Acrobacfer aeroge- 
ncs Beijerink 

&act. coli cwktnurie 
W1. 

._ 

.... c .= -- 
n .-z? 
0 0  

Y 

2 E;; 
- 5  2 tn' 
P t  6 

-- 
a r o  - 

I 10 . 
14 

6 
10 
14 2 

6 

14 
10 ' 

14 I 



TABU 1 4  (Continued) 
.~ 

LacfobuciIIirs sp. 

4 
.Bact. paratyphi A , 

Note: Shown i n  the  f i r s t  column (1) i s  the time from the 
moment of the t r ans fe r  of the cu l ture  from l o w  t o  room tempera- 
t u r e  u n t i l  t h e  appearance of the f i rs t  symptoms of growth. I n  
t h e  second column (2) i s  the degree of development during 12 t o  
14 days by the  following symbols: 
+I+ uninterrupted growth on the  surface of the  agar a t  the 

++ uninterrupted growth, but t h i n  
+ not continuous growth but the  colonies cannot y e t  be 

place the cul ture  was applied 

counted 

continuous, but sca t te red  i n  the  form of i so la ted  colonies 
-Figure means number of colonies i n  the  case when growth i s  not 

The second group consis ts  of Bact. c o l i  communis, Bact. paratyphi A, cer- 

t a i n  l a c t a t e  bac ter ia  and Proteus vulgaris. 

Cited i n  t a b l e  14  are  the data on the  development of bac te r ia  on &&&pe 
S L h - t S  

agar a t  room temperature after having been kept f o r  6, 10  and 14 months a t  low 

temperatures. There a re  two columns for each temperature. The t i m e  elapsing 

between the  change of the cul ture  from a l o w  t o  room temperature and t h e  appear- 

ance of growth symptoms i s  indicated i n  column 1, and the  ex ten t  of t he  growth 

i n  19-14 days a t  room temperature i n  column 2. 

16 



we should point out t h a t  i n  many cases the death r a t e  of the bac ter ia  i n  

low temperatures was so high t h a t  t h e i r  eventual development a t  room temperature 

on agar appeared i n  the form of separate colonies. 

Curiously, the condition of the medium i n  these experiments a t  -5' and -8O 

d id  not have any marked e f f e c t  on the death of the bac ter ia .  The psychrophilic 

species were preserved on both the frozen ( a t  -80 and i n  some cases a t  -5') and 

non-frozen agar. 

The anaerobic bac ter ia  are  not included i n  tab le  14. The three anaerobic 

species we had tes ted  remained viable a f t e r  a 14-month 

peratures  from + 2 t o  - 8 O ,  and a f t e r  a 10-month 

they revealed a s izable  growth when changed t o  room temperature. 

res i s tance  t o  cold on the p a r t  of these bac ter ia  i s  apparently due t o  t h e i r  

spores, as i n  the case of the  spore-forming aerobes. 

exposure t o  a l l  tem- 

exposure t o  a -12' temperature; 

Such a high 

Simultaneous experiments on ordinary agar and agar containing 3 and 6 

percent NaCl revealed t h a t  i n  the l a t t e r  case the su rv ivab i l i t y  of the bac ter ia  

a t  low temperatures was lower, and tha t  only the spore-forming species survived 

a 6-month exposure t o  temperatures ranging from + p  t o  -12'. 
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